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Energy calculations, in the two-electron approximation, are performed for LiH and Li 2 in order 
to illustrate the efficacy of wave functions containing a distance dependent orbital parameter in con- 
junction with a second variational parameter. 

Harriss, Mitchell, and Musulin [1] have shown that an orbital parameter 
which varies with internuclear distance provides, in the two-electron Heitler- 
London approximation, the usual results with less calculation effort. The purpose 
of this investigation is to ascertain if the introduction of an additional variational 
parameter into a wave function containing a distance dependent orbital para- 
meter yields the usual improvement with less than usual calculation effort. 

The test parameter is the ionic parameter [-2]. One covalent molecule, Li2, and 
one ionic molecule, LiH, are used for test molecules. The LiH calculation is 
more complex in that two different variational parameters are necessary for 
a complete description of the ionic structures. The constants, A and B, in the 
expression for the orbital parameter, z, as a function of internuclear distance, R, 

z = A e x p ( -  R) + B (1) 

were determined from the following models: (1) all electrons contribute to the 
united and separated atoms; (2) only valence electrons, in the presence of un- 
screened nuclei, contribute; and (3) only valence electrons, in the presence of 
completely screened nuclei, contribute. The derived (A, B) pairs for these models 
are (1.84, 2.23), (1.95, 1.30), and (0.70, 1.00), respectively, for the Li 2 calculation 
and (0.90, 1.92), (0.80, 1.15), and (0.70, 1.00), respectively, for the LiH calculation. 
The atomic wave functions used were 

1 
1/~ z(3/Z)exp(- 0) ls Slater and Hydrogen-like 

1 z(3/2)( 2 - O) e x p ( -  0/2) 2s Hydrogen-like 

1 
4 ] / / ~  z~3/2)0 e x p ( -  Q/2) 2s Slater 

where 0 = zr. 
The values of the total energy, - E ,  at the minimum, R e; the dissociation 

energy, De, assuming 50.0 bohr as representing separated atoms; the change in 
energy, - A  E, with respect to the simple Heitler-London calculation; the values 
of the new variational parameters; and the quantity E - 2  (kinetic energy)/potential 
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energy], Vir Test, are given in Table 1. (The values of A E were obtained after 
calculation errors were corrected in the programs of Harriss et al. [-1]). The Li 2 
calculation was performed with hydrogen-like wave functions while the LiH 
calculation was performed with nodeless Slater [3] functions. The varied selec- 
tion of basis function was made to ascertain if the use of a distance dependent 
orbital parameter altered the validity of the nodeless functions as a good approxi- 
mation for the usual hydrogen-like functions which create a slightly more complex 
calculation. In keeping with the framework of simplicity, the Mulliken approxi- 
mation [-4] was used to evaluate some of the two-centered integrals. Since the 
primary purpose of this investigation is to demonstrate the efficacy of the distance 
dependent orbital parameter, no attempt was made to use a highly refined mesh 
in the minimization process. Table 1 also includes the pertinent experimental 
values [-5] and previous theoretical results [-6, 7] using a simple Heitler-London 
ionic model. 

In general, the results are similar to those reported by Harriss et al. [1] but 
with improvement in predicted energies and with additional information con- 
cerning ionic contributions. The best choice of constants in Eq. (1) is from a 
model resembling the model of the calculation, viz. a two-electron average. 
Although complete screening is used in the two-electron Hamiltonian, that 
method gives a slightly poorer predicted energy. Whether the effect is correct or 
whether it results from the less refined minimization is not pertinent to establishing 
a simplified calculation scheme. 

As expected, the amount  of energy improvement,  A E, is much greater in the 
LiH calculation than in the Li2 calculation. For  a given molecule, the greatest 
improvement is with the orbital exponent model yielding the poorest simple 
Heitler-London energy value which is the usual result in a two-parameter variation. 
Incrementation by 0.1 was not sufficient to detect the small change in E in the Li 2 
calculation using model (3) for the orbital exponent. In every case the value of D e 
is increased since the atomic values are not altered by the introduction of the new 
variational parameter. 

The best model choice yields a good but overestimated value of Re; improve- 
ment of the model by including inner shell electrons would shift R e toward the 
nucleus [8]. A more refined minimization would yield better wave functions which 
would satisfy the quantum mechanical Virial Theorem [9]. The coefficients given 
in Table 1 correctly show the preponderance of the Li + H -  structure in the calcula- 
tion with the best model choice. 

In summary, the present investigation verifies the utility of a distance dependent 
orbital exponent in simple theoretical calculations. Essentially this technique 
saves the time and cost of one variable minimization without a great loss in accu- 
racy in Re and E values. Further, a reasonably good wave function, consistent 
with the simplicity of calculation, is obtained. The techniques demonstrated in 
this paper should provide workers in non-theoretical fields a simple tool for esti- 
mating atomic and molecular energies. These techniques will also be useful for 
workers with limited computing facilities. Theoretical workers as well as those 
with more extensive computing facilities may wish to use the rigorous, sophisti- 
cated techniques which have been applied to Li 2 and LiH [,10]. 
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